Introduction
The presence of mononuclear cells (MNC) in allogenic blood products (concentrated thrombocytes and erythrocytes) can produce a number of adverse effects or reactions. Of these, some of the most important are immunomodulation (mediated by membrane antigens or proinflammatory cytokines), transfusion-induced acute damage to the lungs, graft-against-host disease, and viral transmission [1] . It is also well known that in vitro activation of thrombocytes induce morphologic, functional, and ultrastructural changes. These changes could reduce the viability of thrombcytes, as well as their in vivo functionality and clinical efficacy [2] [3] [4] .
During harvesting, processing, and storage of blood products, MNC are activated, leading to de novo synthesis of proinflammatory cytokines [5] . During storage, these cytokines can cause thrombocyte activation, with alpha granule and lysosome evacuation from their contents. This means that blood product units with the lowest cytokine levels should be used therapeutically [6, 7] .
Altered expression of surface antigens such as CD62p, CD42b, CD63, CD36, is notable for the assessment of activation, i.e., functionality of thrombocytes. Reduced expression of these antigens up to 50%, especially of CD62p, has been reported as acceptable (with relatively preserved integrity of thrombocytic alpha granules). A greater reduction of expression to values below 50% substantially improve in vivo thrombocyte recovery, with a greater increase and maintenance in the number of thrombocytes in the host circulation after their therapeutic administration. In contrast, a higher CD62p expression is one of the reasons for more rapid clearance, i.e., the removal of thrombocytes from the host circulation mediated by the reticuloendothelial system [8] .
Studies of the expression of CD63 activation marker (its expression being the consequence of externalization of contents of thrombocytic lysosomes) have also indicated less intense changes compared to incrised expression of CD62p [9] .
In contrast to the most commonly used leukodepletion model (filtration at the end of storage of blood products -post-storage leukodepletion), filtration during blood sampling or at the beginning of storage (in-line or prestorage leukodepletion) would markedly reduce cytokine concentrations [10] . It would not only contribute to the reduced incidence of cytokine-mediated transfusion reactions but also create the conditions for reduced activation of thrombocytes in vitro, with improved therapeutic efficacy [11] .
The aim of this study was to assess the number of mononuclear cells and the phenotype of thrombocyte concentrates obtained by various methods of leukodepletion to determine which of the methods are better able to produce thrombocyte concentrates with lower numbers of mononuclear cells and thrombocytes with weaker expression of surface receptors, thus preserving viability and function. Studies have so far failed to produce any clear answers to these questions, perhaps because of different study methodologies, varying sensitivity of the assays used, or biologic variations of the donors. Results of our study showed that in-line trombocyte preparation significantly reduced the trombocyte-receptor expression. Thrombocytes prepared in this way contain fewer mononuclear cells, are of higher quality, are more functional, and may produce an improved therapeutic effect in vivo.
Material and Methods
Preparation of thrombocyte concentrates. We studied two groups, each having 30 therapeutic doses of concentrated thrombocytes obtained from 360 units of whole blood from volunteer blood donors. 1) Thrombocyte preparation using the classic model with fourfold bags. Thrombocytes were prepared using fourfold bags from the units of whole blood (450 mL) from vollunteer blood donors (Macopharma, CPD/ SAGM, France). The blood was processed within 6 hours of sampling; the first centrifugation (Heraus 8500i) on an automatic extractor TACE-II (Terumo, Japan) produced the buffy coat (leukocyte-thrombocyte layer), erythrocytes, and plasma; the second centrifugation was performed after 2 hours of buffy-coat storage, and the thrombocyte concentrate was obtained.
2) Thrombocyte preparation using the bags with an in-line filter. Thrombocytes were prepared using fourfold bags with an in-line filter (Imuflex-WB-SP CPD/ SAGM, Terumo, Japan) from the whole-blood units (450 mL) from volunteer blood donors. Investigation of the mechanisms of leukocyte removal with polyurethane has shown that the majority of leukocytes are trapped mechanically in small pores or dimples in the material. Very limited interaction with cell material and the absence of cellular or protein activation result in blood products of superior purity. The blood was processed within 6 hours of sampling; whole blood was filtrated with an in-line thrombocyte preserving filter (WB-SP filter), and then the first centrifugation (Heraus 8500i) on an automatic extractor TACE-II (Terumo, Japan) produced the leukoreduced buffy coat (leukocyte-thrombocyte layer), leukoreduced erythrocytes, and leukoreduced plasma; the second centrifugation was performed after 2 hours of buffy-coat storage, and the thrombocyte concentrate was obtained.
The thrombocytes prepared in both ways were then placed in the horizontal stirrer (Teknolabo Instruments, Italy) with controlled temperature (22±2°C), and the samples were taken 12 hours after the preparation for assessment.
Determination of mononuclear cell count. The number of MNCs was measured in the samples obtained from concentrated thrombocyte units with an automated cell counter (Beckman-Coulter).
Flow cytometry analysis. Platelet expression of CD62p and CD63, as indicators of platelet activation, were measured by flow cytometry as described by Marquardt et al. [12] , with minor modifications. Briefly, platelet samples (1x10 6 / tube) were incubated with fluorescein isothiocyanate conjugated (FITC) CD62p and CD63 antibodies (Beckman Coulter), according to the manufacturer's recommendations, in darkness for 15 minutes at 4 o C. Nonspecific binding was detected by the control cells, which were incubated with phosphate-buffered saline (PBS) alone. After incubation, cells were washed twice with PBS and analyzed (10,000 analyzed cells per sample) with the Epics XL (Coulter) flow cytometer. Forward and side scatter properties, as well as settings to discriminate platelets from other contaminating cells in the sample, were as specified by Harrison et al. [13] . Results were expressed as the percentage of antibodypositive platelets.
Statistical analysis: Results were presented as mean±standard deviation(SD). Significant difference between the groups were analyzed with Student`s t test.
Results
Taking into account the significance of contaminating cells in prepared platelet samples, we first evaluated the number of monocytes in platelet samples prepared with two different methods of leukodepletion (classic method and so-called in-line filter preparation). Table 1 shows that use of the WBC filter during platelet sampling significantly decreased the number of contaminating cells (monocytes) in platelet samples (p<0.001), as determined by an automated cell counter. Table 1 Volume and number of blood cells of final filtered components compared to nonfiltered units.
Since our previous results showed that platelet samples filtrated via the WBC filter contained a significantly decreased number of monocytes, which cold be responsible for platelet activation, in our next experiments we tried to evaluate the expession of CD62p and CD63 molecules as activators of platelet activation. The results (Table 2) show significantly decreased expression of CD62p (p<0.05) and CD63 (p<0.05) molecules in platelet samples filtrated during sampling, compared with the platelet samples prepared using the classic model from the buffy coat. These results correlated with a decreased number of monocytes in platelet samples, indicating the important role of WBC filter application in the platelet-activation process.
Discussion
In our study, we tried to assess the impact of various leukodepletion models on the presence of MNCs in thrombocyte concentrates and the expression of thrombocyte activation receptors in various preparations of thrombocyte concentrates.
The number of MNCs was significantly higher in the thrombocyte concentrates prepared from the buffy coat compared with those prepared with use of filtration during blood sampling or at the beginning of storage (in-line or pre-storage leukodepletion). This could be explained by an effective in-line leukodepletion, where leukocyte removal with polyurethane shows that the majority of leukocytes are trapped mechanically in small pores or dimples in the material. Very limited interaction with cell material and the absence of cellular or protein activation result in blood products of superior purity with only one filtration step [14] .
In addition to our study, others have also investigated platelet activation in several pathophysiological states by measuring specific markers of activated platelets with the use of flow cytometric analysis. P-selectin (CD62p) is a commonly used marker of activated platelets. P-selectin exsists on the membrane of alpha granules in resting (nonacivated) platelets. A level below 50% indicates the preservation of thrombocytic alpha granules, i.e., a reduced in vitro thrombocyte activation [15] .
Those thrombocytes prepared using the classic method from the buffy coat had a significantly higher expression of P-selectin as an activation marker compared to thrombocyte concentrates filtrated in-line, indicating that the thrombocytes with high P-selectin expression are activated, i.e. functionally, morphologically, and ultrastructurally altered, and are less effective therapeutically. This could be explained as the absence or reduced presence of MNCs and inflammatory cytokines in in-line filtrated thrombocyte concentrates, neutralizing the phenomenon of cytokineinduced thrombocyte activation [16] .
Assessment of the expression of CD63 activation marker also showed that the marker was significantly reduced in in-line filtrated thrombocytes. The recorded difference was less intese than P-selectin, wich was the consequence of externalization of the contents of thrombocytic lysosomes. It was assumed that a more potent stimulus was needed to empty the lysosomes of their contents than to empty the thrombocytic alpha granules [12] .
Our results are of clinical relevance since they show that the preparation of thrombocyte concentrates with in-line filtration is more efficient than the preparation from the buffy coat, reducing the possibility of host sensitization with isoantigens and producing improved therapeutic outcomes. 
Conclusion
Our results show that reduced presence of MNCs and reduced expression of thrombocyte activation markers can be obtained by leukodeopletion of thrombocyte concentrates at the beginning of storage (in-line) with use of an Imuflex filter and that these thrombocytes are more viable and therapeutically more successful. Therefore, this method can be recommended for therapeutic preparation of thrombocytes, since the presence of cytokines within them has been reduced to the lowest possible level.
